RATIONALE-Carbohydrates are highly variable in structure owing to differences in their anomeric configurations, monomer stereochemistry, inter-residue linkage positions and general branching features. The separation of carbohydrate isomers poses a great challenge for current analytical techniques.
Introduction
Mass spectrometry and tandem mass spectrometric methods [1] [2] [3] [4] [5] have long been used to analyze a wide variety of compounds, where ions having specific m/z values can be isolated and their dissociation patterns acquired using collisional activation, photon absorption, or other methods more specific to individual classes of molecules. However, as the complexity of molecular mixtures increases, the number of potential analytes that are isomeric in nature (having ions with identical m/z values) increases to a point where one question cannot be ignored. Is the dissociation pattern observed for a selected precursor ion m/z value really derived from just one molecule? The same argument applies to multiple dissociation steps, even using a pure precursor molecule, where potentially different fragmentation pathways might give rise to isomeric sets of product ions. Can any product ion at a specific m/z value potentially be a mixture of isomers derived from a single precursor ion?
In the same vein, if molecules can exist in more than one configuration in the gas phase, as occurs, for example, with sugars as cyclic, interconvertible α or β anomers, or lipids having cis or trans double bonds, how might one reproducibly assess their presence, or even be aware of their existence, solely through selection of m/z values? In many cases, predicted and observed product ions may also be identical in which case the presence (or absence) of isomers simply cannot be assessed based on classical dissociation spectra. While precursor ion heterogeneity can often be addressed through upfront separation techniques such as gas chromatography, liquid chromatography, or capillary electrophoresis, for example, these separation techniques can be moderately time-consuming. Moreover, there is no guarantee that compounds will not coincidentally co-migrate using any separation system. Furthermore, proving the isomeric heterogeneity and detailed structures of product ions in the gas phase is not trivial and is far less tractable. For these transiently-isolated ionic species, the most reproducible and unique physical evidence for their structures may be obtained through ion spectroscopy. Depending on the nature of the analytes, relatively high resolution spectra have been acquired for ions in the electronic (UV) and infrared electromagnetic regimes,, [6, 7] and the microwave region, [8] and Raman spectroscopy has been carried out on performed on ions soft-landed on surfaces. [9] However, the ability to assess and define mixtures of isomeric product ions at the same time, particularly unknown species, is more limited using these methods, depending on the nature of the ions being analyzed.
Carbohydrates exemplify a classically difficult group of molecules to analyze where ions are frequently mixtures of isomers, and product ions are suspected also to be so. They are involved in numerous biological activities through their interactions with proteins. [10] [11] [12] [13] [14] More than half of human proteins are glycosylated. [15] Unlike proteins and nucleic acids, carbohydrates are indirect products of gene expression and are biosynthesized through a consecutive series of enzymes. [16, 17] Sequencing methods developed for the proteome and genome cannot be applied for studies of carbohydrate structure. Their structural diversity and heterogeneity arise from the large number of isomers possible, [18] [19] [20] varying in anomeric configuration, and differing in linkage positions and branching. Differentiation of isomeric carbohydrate species poses a grand challenge for analytical techniques.
While mass spectrometry (MS) [21] [22] [23] [24] has been extensively used for carbohydrate structure analysis, even with multiple isolation/dissociation steps carried out on tandem MS instruments, the product ion spectra resulting from isomeric precursor mixtures complicate product ion patterns and limit absolute structural identification of unknown saccharides. Liquid [25] [26] [27] and gas chromatography [28, 29] are the most common separation methods employed for resolving carbohydrate isomers prior to mass spectral analysis, but both these methods limit sample throughput, are complex with multiple analytical sample preparation steps, and can be difficult to reproduce with precision among laboratories. Because stationary phases of chromatographic columns differ from batch to batch it is not possible to assign absolute retention times to specific saccharides; even relative retention times vary from column to column. Moreover, sample derivatization, especially for gas chromatography, is often needed to enhance volatilization, but can decrease resolution in complex mixtures and limit the size of molecules being analyzed. One approach to decrease analysis time, increase resolving power and improve reproducibility has been to incorporate ion mobility spectrometry (IMS) [30] [31] [32] [33] as the separation process prior to mass spectrometry. Rather than differences in equilibrium between two phases, IMS separation is based on the physical size of the ion, providing hard experimental data related to the structure of the ion. Similar to mass spectrometry where ion separation is based on the mass-to-charge ratio (m/z) of the ion, IMS separation is based on the size-to-charge ratio (Ω/z) where size is measured as the ion's cross section, Ω. An ion's cross section is characteristic of its size and it can be measured reproducibly from time-to-time, instrument-to-instrument and laboratory-tolaboratory. As with mass, cross section is an intrinsic physical property of an ion and the buffer gas through which the ion migrates. In ion mobility experiments, the measured drift time is directly proportional to the cross section. When the separation capability of IMS is combined with mass identification, stereo-structural differences of carbohydrate compounds can be resolved by ion mobility mass spectrometry (IMMS). [34] IMMS has been applied to the separation and detection of various complex biological samples in the areas now delineated as metabolomics, [35, 36] proteomics [37, 38] and glycomics. [39, 40] Collision-induced dissociation of mass-selected glycan ions is often used to aid in the identification of the precursor ion. During CID processes, dissociation at glycosidic bonds and/or cross ring cleavages generate substructures such as monosaccharides, the most basic unit, and disaccharides, the smallest substructure still containing a linkage between two sugars. Many of these product ions are isomeric and their stereochemistry cannot be distinguished by mass spectrometry. Knowing the cross section of each of these product ions and the specific patterns of product ion mobility profiles can add important, reproducible physical information in addition to their measured m/z values in assigning their stereochemistry, thereby leading to a more confident identification of the parent oligosaccharide. It has been demonstrated that isomeric monosaccharide methyl glycosides with subtle structural differences can be distinguished using IMMS. [41, 42] Ion mobility differentiation of disaccharide isomers has also been shown. [43] [44] [45] However, current applications of IMMS to the separation of small carbohydrate structural isomers have been mainly focused on precursor ions. [39, 40, [43] [44] [45] Ion mobility methods for identifying isomeric carbohydrate product ions derived from isomeric precursor ions have not been investigated.
Bendiak and colleagues [18, 46, 47] have reported that 2-, 4-and 6-linked disaccharides dissociated to generate product ions that were established through chemical synthesis to be monosaccharide-glycolaldehydes. According to their findings, the product ion spectra of monosaccharide-glycolaldehyde anions were dependent on their stereochemistries, which enabled the anomeric configurations and stereochemistries of 20 isomeric variants to be assigned (all hexopyranoses and common N-acetylhexosamines). However, should these ions be derived from two or more branches in a larger branched oligosaccharide, two or more monosaccharide-glycolaldehyde isomers might well be present as an isomeric mixture, which would confound their assignments solely based on dissociation patterns. Furthermore, these compounds were found to have up to three structural variants in aqueous solution as assessed by NMR, an open-chain form and two hemiacetals with cyclization of the aldehyde with the OH-2. [18] However, to date, no information has been presented as to whether these molecules exist in more than one configuration in the gas phase, when ionized in either negative or positive modes. In this study, 2-, 4-and 6-linked disaccharides were used as representative examples and traveling wave ion mobility mass spectrometry was employed to evaluate the heterogeneity in configuration of isomeric ions as well as their structurally informative product ions, the monosaccharide-glycolaldehydes, in both positive and negative modes.
Experimental Chemicals and solvents

Disaccharide isomers investigated in this study
Glc denotes glucose, Gal denotes galactose and Man denotes mannose). Their structures and nomenclature are shown in Table 1a . All the disaccharides are reducing sugars (having an -OH group at the anomeric carbon in more than one stereochemical configuration or ring form) and had either 2-, 4-or 6-linkages. Also contained in Table 1a are eight monosaccharide-glycolaldehyde synthetic standards. There are four isomeric Hex-glycolaldehydes (M.
The counterparts to these molecules containing the 2-acetamido-2-deoxy group were the HexNAc-glycolaldehydes (M. W. 263)
were also examined by IMMS. Dissociation of 2-, 4-and 6-linked disaccharide ions yields product ions of monosaccharideglycolaldehydes. [18, 46] A dissociation scheme having sodiated or deprotonated D-Glc-α-(1-2)-DGlc as a precursor ion and sodiated or deprotonated α-Glc-GA as a product ion is shown in Table 1b . It was demonstrated [18] that this type of product ion is composed of an intact non-reducing sugar and a two carbon aglycon derived from the reducing sugar, for 2-, 4-and 6-linked disaccharides. All the disaccharides and NH 4 Cl were purchased from Sigma Chemical Co. (St. Louis, MO, USA) and used without modification. Monosaccharide-glycolaldehyde standards were synthesized as described previously. [18, 46, 47] LC-MS grade solvents of methanol and water were purchased from Fisher Scientific Inc. (Pittsburgh, PA, USA) and an equal volume mixture of methanol and water was used as electrospray ionization (ESI) solvent. A final concentration of 10 μM was prepared for all the sugar samples using the ESI solvent for the positive mode study, and the concentration was increased to 20 μM for negative mode measurements. In order to investigate the influence of chloride adduction on the ion mobility separation for disaccharides, 4 μL of a stock solution of NH 4 Cl (10 mM in ESI solvent) was added to 1 mL of a 20 μM disaccharide solution to enhance the formation of chloride adducts, resulting in a molar ratio of salt: sugar of 2:1 in each sample. Due to the potential reaction between ammonia and the aldehyde group of reducing sugars to form a Schiff base, the samples containing NH 4 Cl were prepared freshly prior to analysis.
Ion mobility mass spectrometry measurements
All the experiments were performed on a Synapt G2 high definition mass spectrometer (Waters Corp., Manchester, UK). It is a hybrid quadrupole/ion mobility/orthogonal time of flight mass spectrometer. [48] The traveling wave ion mobility device that is incorporated into the instrument employs dynamic inhomogeneous electric fields under reduced pressures. The effects on mobility of these unique instrumental parameters have been thoroughly described. [49] [50] [51] A trap and a transfer cell are located in front of and after the ion mobility separator, respectively. Collision induced dissociation (CID) can be initiated in either or both cells by elevating the collision energy (CE). A wave height of 40 V and a wave velocity of 650 m/s were utilized for ion mobility separation in both positive and negative modes. Nitrogen was used as a drift gas at a flow rate of 90 mL/min, resulting in a pressure of ~3.5 mbar in the ion mobility device. Two types of experiments were performed in this study. (1) To obtain mobility profiles of precursor ions and their corresponding cluster ions, no CE was used in the trap and transfer cells. All the ions passed through the trap cell, were evaluated by traveling wave IMS directly and then transferred to the TOF mass analyzer. (2) To investigate the mobility of the product ions derived from disaccharides, a disaccharide precursor ion was first selected by the quadrupole, and the appropriate CE was applied in the trap cell to induce fragmentation. Mobility separation of all the product ions occurred sequentially in the traveling wave ion mobility unit of the instrument and all the ions then travelled through the transfer cell and were measured by the TOF analyzer. The ESI voltages were 3.2 KV and 2.25 KV for the positive and negative ion modes, respectively. Nitrogen was used as the desolvation gas at 200°C with a flow rate of 600 L/hr. Samples were injected using a syringe pump (Chemyx Inc., Stafford, TX, USA) at a flow rate of 3 μL/min and the data was acquired for 3 min for all the analytes. Masslynx V4.1 (Waters Corp.,) was used to collect and process the data. More instrumental parameters are summarized in Table  S-1 (Supporting Information) .
Results and Discussion
Separation of isomeric monosaccharide-glycolaldehyde standards
Monosaccharide-glycolaldehyde product ions are structurally informative and their mobility spectra can be used to assign/determine the stereochemistries of 20 structural variants. [18, 46, 47] Figure. 1 displays the traveling wave ion mobility spectra of the monosaccharide-glycolaldehyde standards used in this study. The inserted window accompanying each compound represents the spectrum with the intensity scale magnified as labeled. Figure. 1a shows the mobility profiles of sodiated α-D-Glc-GA, β-D-Glc-GA, α-DGal-GA and β-D-Gal-GA at m/z 245.1 in the positive mode. The major mobility peaks for these isomers showed similar drift times near 2.45 ms. However, multiple mobility peaks were detected for all the individual monosaccharide-glycolaldehydes;, for example, three mobility peaks were observed for β-D-Glc-GA and β-D-Gal-GA, and two peaks were seen for α-D-Glc-GA and α-D-Gal-GA. This indicates that there is more than one gas-phase stereo-structure for each Hex-glycolaldehyde. As mentioned, monosaccharideglycolaldehydes may exist in multiple isomeric acyclic / cyclic forms in the gas phase through internal hemiacetal formation between the glycolaldehyde carbonyl group and the sugar 2-hydroxyl group (Table 1 panel c), and this is supported by NMR spectroscopy of the compounds in aqueous solution. [18] The mobility spectra of Hex-glycolaldehyde anions at m/z 221.1 are shown in Fig. 1b . There was no obvious resolution among the isomeric Hexglycolaldehyde anions and more than one mobility peak was found for all the standards. Figure. 1c displays the ion mobility spectra of the [M+Na] + ions of HexNAcglycolaldehydes at m/z 286.1. Partial separation was achieved for epimer pairs such as α-DGlcNAc-GA and α-D-GalNAc-GA, but no differentiation was detected for anomer pairs of α-and β-D-GlcNAc-GA and α-and β-D-GalNAc-GA. Again, more than one mobility peak was detected for single compounds: two baseline-separated mobility peaks were observed for α-and β-D-GlcNAc-GA (2.9 and 3.2 ms), and two partially resolved peaks were found for α-and β-D-GalNAc-GA (2.8 and 3.0 ms). Mobility evaluation of the [M-H] − ions of the HexNAc-glycolaldehydes at m/z 262.1 is presented in Fig. 1d . In addition to the predominant mobility peak, another extremely low intensity peak was partially resolved from the major peak for specific m/z 262.1 ions. For HexNAc-glycolaldehydes, better ion mobility separation and sensitivity especially for the low abundance structural variants were obtained using cations rather than anions. The reason for the additional ion mobility peaks for the HexNAc-GA compounds is not clear, because these compounds cannot cyclize at the sugar 2-position like the Hex-GA compounds; possibly the sodium can reside at more than one location for the sodiated compounds. Overall, ion mobility showed its unique separation capability to evaluate the isomeric heterogeneity of these monosaccharide-glycolaldehyde ions in the gas phase; multiple structural configurations were resolved on the millisecond timescale. These configurations are impossible to assess or even to know exist using mass spectrometric techniques that rely solely on dissociation patterns of precursor ions of selected m/z values, although other gas-phase spectroscopy techniques may be able to provide some information about isomeric components. [6] [7] [8] [9] Isomeric disaccharide precursor and product ion separation [49] obtained was ~30-40 in this study and the separation can be improved by using IMS with higher resolving power. The mobility separation of the monosaccharide-glycolaldehyde product ions of α-D Glc-GA, β-D-Glc-GA, α-D-Gal-GA and β-D-Gal-GA, derived from the disaccharide isomers in Fig. 2a , is shown in Fig. 2b . This was achieved by selecting specific precursor ions using the quadrupole and applying 30 eV collision energy (CE) in the trap cell prior to the traveling wave ion mobility measurement. More than one mobility peak was observed for the majority of sodiated monosaccharide-glycolaldehyde product ions at m/z 245.1 and the drift time values matched with those of their respective synthetic standards shown in Fig. 1a . The Drift time variation is ± 0.02 ms in this study. However, some mobility peaks of low abundance were not observed for m/z 245.1 product ions in comparison with the mobility spectra acquired from standards;, for example, isomeric mobility peaks near 2.8 ms were missing for the product ions of α-D-Gal-GA and β-D-Gal-GA. This was probably due to the overall low intensity (~ thousand counts) obtained for these ions, making the structural variants with even lower abundance not detectable. These minor peaks were at most a few percent in relative abundance (Fig. 1a) and they might have been observable with longer acquisition times. It is also possible that the ratio of cyclic configurations and open chain forms of monosaccharide-glycolaldehydes obtained directly after dissociation of a disaccharide in the gas phase is different from that resulting from electrospray of the standards already equilibrated in aqueous solution, for a number of reasons. For instance, the extent of ionization of individual configurations of monosaccharide-glycolaldehydes from solution might be different from those arising by disaccharide dissociation. Also, the rate at which the open-chain and cyclic forms may interconvert in the gas phase could be dependent upon the energy input into the precursor ion, which differs among different disaccharide linkages. An open-chain carbonyl form has been shown to exist in varying proportions for different monosaccharides in the gas phase using variable-wavelength infrared photodissociation in the carbonyl stretch region. [52] Thus, the proportions of different configurations for the glycosyl-glycolaldehydes derived from disaccharide dissociation could depend on kinetic barriers to achieving a true thermodynamic equilibrium among configurations in the gas phase. Although little separation was achieved for the major peaks of different isomeric monosaccharide-glycolaldehyde product ions, the mobility patterns of this specific product ion, derived from different disaccharide isomers, were different, and this enabled the differentiation of these isomeric product ions. For instance α-D-Glc-GA and β-D-Glc-GA (Fig. 2b) showed distinct patterns, one with a more abundant secondary peak near 2.8 ms and one with a secondary peak near 2. This could be attributed to the reducing end of disaccharides, where the -OH group at the anomeric carbon could exist in either the α or β pyranose configuration or even the aldehyde open chain form, [52] resulting in multiple isomeric forms for a single molecule to be resolved by IMS. In this study, Hexglycolaldehyde product anions were observed in abundance along with the precursor ions without any CE applied (see mass spectrum in Fig.  4b below) . This was observed for all the disaccharide isomers and matched with previous findings that disaccharides having 2-, 4-, and 6-linkages frequently yield monosaccharideglycolaldehyde product anions. [18] These monosaccharide-glycolaldehyde product anions evidently resulted from in-source fragmentation. Figure . 3b displays the traveling wave ion mobility spectra of Hex-glycolaldehyde product ions in the negative mode as [M-H] − ions at m/z 221.1, derived from the disaccharide precursor ions shown in Fig. 3a . The product ions generated were deprotonated α-D-Glc-GA, β-D-Glc-GA, α-D-Gal-GA and β-D-Gal-GA. Two isomeric mobility peaks were detected for all four product anions and the mobility values were consistent with those of the respective standards in Fig. 1b . The relative abundance of the two configurational states of m/z 221.1 varied among the product ions having different stereochemistries;, for example, the two peaks were of approximately equal intensity for β-D-Glc-GA, while the configurational isomer having faster mobility was the predominant peak for the other product ions. In addition, increasing the intensity scale 30-fold for the product ion mobility spectra derived from the precursor anions of D-Glc-α-(1-2)-D-Glc and D-Gal-α-(1-6)-D-Glc (see enlarged insets in Fig. 3b ) revealed a tailing of drift times as far back as the precursor ion mobility peaks themselves near 3.6 ms. This indicates that the disaccharide precursor ions partially dissociated to give monosaccharideglycolaldehyde product ions en route along the ion mobility drift tube. This can occur either by auto-dissociation of metastable precursor ions above their dissociation threshold or from collision energy imparted to precursors very near or at their threshold of dissociation during impact with the drift gas. It also suggests that ion mobility could serve as a potential tool for real time reaction monitoring. Only 2-and 6-linked disaccharides showed the phenomenon of auto-dissociation in the ion mobility drift tube and there was no observable mobility tailing detected for m/z 221.1 ions produced from 4-linked disaccharides. The experimental conditions used were the same;, thus, as well as linkage position, other structural differences among disaccharide isomers may also contribute to the results that were observed. In summary, negative ions of isomeric monosaccharide-glycolaldehydes derived from isomeric disaccharide precursor ions showed different mobility patterns, which yielded unique information about their precursor ions that is complementary to the direct mass spectral dissociation patterns of the m/z 221.1 product ions themselves. [18] 
Mobility separation of isomeric disaccharide cluster ions
In addition to the ions formed from a single molecule, disaccharide cluster ions were typically observed at the same time in the m/z spectrum. Figure. 4 shows the mass spectra of the disaccharides D-Glc-α-(1-2)-D-Glc in the positive mode (Fig. 4a) and D-Gal-α-(1-6)-DGlc in the negative mode (Fig. 4b (Fig. 4b) . Sonoda et al. [53] studied the carbohydrate clustering effect in aqueous solution using fructose as an example. They found that carbohydrates tend to form hydrogen bonded clusters on increasing concentration. The concentration of disaccharides in this investigation (10 μM positive mode or 20 μM negative mode) was much smaller than those numbers (1-5 M) reported in the study by Sonada et al. [53] The formation of disaccharide clusters perhaps occurs during the ionization (desolvation) process where the solvents start to evaporate and solutes transit from scattered "isolated" molecules to H-bonded clusters in less diluted solutions. Moreover, the multiple -OH groups on disaccharides could enhance the formation of cooperative hydrogen-bonded networks compared with fructose. Cluster ions having up to three disaccharide molecules were found in the negative mode but not in the positive mode, and this could in part be due to the relatively higher concentrations that were used for electrospray of the molecules in the negative mode. The occurrence of cluster ions can be eliminated by decreasing the sample concentrations. The mobilities of isomeric disaccharide cluster ions were determined and are reported here for the first time.
Traveling wave ion mobility spectra of cluster cations and anions, using (Fig. 2a) , but were baseline resolved as their respective cluster cations (6.4 and 5.7 ms, Fig. 5a ). In addition, two partially resolved mobility peaks were observed for the dimeric clusters of D-Gal-β-(1-4)-D-Man, indicating that there are at least two isomeric forms / structure variants / stereochemical isomers. In the negative ion mode, based on the mobility spectra of the dimeric [2M-H] − ions at m/z 683.2 (Fig. 5b) This is the first time that the structural heterogeneity of sugar cluster ions, using reducing disaccharides as examples, has been investigated by ion mobility. Multiple mobility peaks for a single cluster ion may result from differences (α, β) at the reducing end of disaccharides, as discussed above, or from different clustering interactions -the geometry disaccharides adopt to form the clusters through various intermolecular interactions. In general, more mobility peaks were resolved for disaccharide cluster ions in than for the ions formed from single molecules. This may be explained in part by more widely differing sizes and shapes of clusters due to stereochemically-dependent interactions that enable them to be more easily separated by IMS. The mobility data of cluster ions could also serve as a further analytical property for the identification of sugar stereo-and linkage isomers.
Mobility separation of disaccharides as chloride adducts and chloride adduct clusters
Disaccharide chloride adducts were observed upon adding an NH 4 (Fig. 5c) . The structural configuration(s) of disaccharide cluster ions induced by the addition of chloride is expected to be different from that of cluster ions having lost one proton. The collision cross section area differences among multiple isomeric forms of a single cluster species may become either larger or smaller upon the adduction of a Cl − ion as demonstrated by IMS (compare Figs. 5b and c with Fig. 6b and c) . In addition, it is worth noting that no separation method has infinite resolution. Due to the relatively low resolving power of the Synapt G2 mass spectrometer, there is always the possibility that some isomeric structural variants could coincidentally co-elute as one ion mobility peak, such as the broad peak 
Conclusions
The isomeric heterogeneity of disaccharide ions, product ions dissociated from disaccharide ions and disaccharide cluster ions was evaluated using traveling wave ion mobility mass spectrometry in both the positive and negative ion modes. Partial mobility separation was achieved for isomeric ions having the same m/z values but differing in anomeric configurations, linkage positions (2-, 4-and 6-linked), or monomer components. The mobilities of structurally informative, isomeric product ions derived from disaccharides, the monosaccharide-glycolaldehydes, were measured and compared. More than one isomeric mobility peak was obtained for specific monosaccharide-glycolaldehyde product ions derived from disaccharide ions, which appear to correspond to the multiple structural isomers reported in previous studies. [18, 46, 47] Moreover, the mobility distributions of this product ion were different among disaccharide isomers, which enables the separation of isomeric product ions and provides another physical property for the characterization of isomeric disaccharides. Both 2-and 6-linked reducing disaccharide ions dissociated to yield Hexglycolaldehyde anions within the ion mobility drift tube as demonstrated by the mobility spectra. Differentiation of isomeric cluster ions was also observed by IMS; a majority of cluster ions showed multiple mobility peaks, which may be due either to alternate (α, β) reducing end structures of the disaccharides and/or the three-dimensional geometry of their interactions. Furthermore, mobility separation of isomeric carbohydrate ions including precursor and cluster ions could be altered by using different anions, such as chloride adducts in this investigation.
The results demonstrated that IMMS is an advantageous method to assess the isomeric heterogeneity of carbohydrate compounds. The analysis is fast, sensitive and convenient, able to resolve isomers and differentiate multiple structural configurations of single compounds. While this study was carried out with small carbohydrate ions and their product ions, the much broader question as to whether ions of any molecule might give rise to physically separable sets of isomeric product ions can now be addressed. Whether such product ions arise through alternate dissociation pathways, or as a result of them having more than one configuration, ion mobility spectrometry/mass spectrometry as described herein may provide important information to assess their presence and to determine their cross-sectional areas as a bona fide, reproducible physical property unique to each isomeric product ion and the specific gas through which it migrates.
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